Three new complementation groups of type 2 herpes simplex virus are described bringing the total number of complementation groups characterized to 13. Of the three new groups, ts I I fails to make virus DNA at non-permissive temperature (38 °C) whereas ts Iz and ts 13 synthesize only very small amounts of virus or cellular DNA at 38 °C. ts II, like ts9 (Halliburton & Timbury, I973) fails to switch off host cell DNA synthesis at 38 °C. That this is a failure to switch off cell DNA rather than a stimulation of cell DNA synthesis was confirmed in experiments using resting cells. Both the inability to make virus DNA and the inability to switch off cell DNA are reversed in temperature shift-down experiments with cells infected with ts 9 or ts 11. In temperature shift-up experiments, cellular DNA synthesis is inhibited after the shift but virus DNA is only made in very small amounts, probably due to the continuing functioning of a protein made at permissive temperature (31 °C) before the shift but which cannot be made at 38 °C. The shift-down experiments and the fact that ts 9 and ts I I complement one another, suggest that the switch-off of host cell DNA synthesis may involve more than one virus specified function. U.v. irradiated virus fails to switch off host cell DNA synthesis.
INTRODUCTION
Infection of cells with herpes simplex virus results in a cessation of host cell DNA and protein synthesis and a marked reduction in host cell RNA synthesis I973) . The mechanism by which the synthesis of these macromolecules is switched off is unknown. For cell DNA synthesis, mechanisms have been suggested which involve inhibition by either a structural protein of the virus (Newton, I968) or an early protein specified by the virus after infection I965) . A temperature-sensitive mutant (ts 9) of type 2 herpes simplex virus, isolated by Timbury (1971) has been shown by Halliburton & Timbury (1973) to be unable to switch off host-cell DNA synthesis. Such a mutant might be useful in the study of the mechanism involved.
This communication presents a characterization of a second complementation group, represented by ts 11, which also fails to switch off host-cell DNA synthesis and gives a comparison of ts 9 with ts I I. 3"I o * Complementation was regarded as negative if fewer than ten plaques were obtained at the lowest dilution tested or if the geometric mean titre of infectious centres in mixedly infected cells was less than fourfold greater than the geometric mean titre of infectious centres obtained in controls of cells singly infected with each mutant.
up with liquid paraffin and centrifuged at I27ooog in a titanium 8 x I2 angle rotor of a Christ Omega I I ultracentrifuge for 7o h at room temperature. The gradients were fractionated by pumping them through a capillary placed down through the gradient, 4o to 5o fractions being collected per gradient. The radioactive content of the fractions was determined by transferring 5o #1 samples to Whatman number I, 2"5 cm diam. discs which were then washed in ice-cold Io % trichloroacetic acid (TCA, ~ h) and then twice in ice-cold 5 % TCA (r 5 min each wash) and the discs then dried by successive washes of a few minutes each in absolute alcohol, alcohol-ether (I : i, v/v) and ether. The dried discs were transferred to scintillation vials, 5 ml scintillation fluid (o'4 % diphenyloxazole, o-oo5 % I, 4-di-z-5 phenyloxazolyl/benzene in toluene) added and the radioactivity determined in a Beckman scintillation counter.
Inactivation of virus by u.v. irradiation. The virus was first diluted I in IO with phosphatebuffered saline containing IO % (v/v) calf serum. Vol. of o'5 ml were then placed in 3 cm diam. Petri dishes containing a small fragment of metal. The dishes were placed on a magnetic stirrer and exposed with constant stirring to a source of u.v. light at a dose of I7 ergs/cm2/s for 3 o rain. No residual virus infectivity was detectable by titration.
Statistical methods. The statistical significance of the difference between the mean log reduction in titre of surviving virus at 39 °C by a ts mutant over either another ts mutant or wild-type virus was assessed by the Mann-Whitney U-test, one-sided (Campbell, I967) . Only values of P < o'o5 were taken to be significant.
RESULTS

Complementation
The isolation of 33 temperature-sensitive (ts) mutants of type 2 herpes simplex virus has been described (Timbury, I97I) . Ten of these mutants have been assigned to ten complementation groups and characterized in some detail (Halliburton & Timbury, I973) . The 23 remaining mutants had not been thoroughly investigated at the time of the original report and four have been discarded because they could not be grown to an adequate titre. Complementation tests were carried out by assay of infectious centres formed at 38 °C by cells mixedly infected with two mutants each at an input multiplicity of about 5, as previously described (Timbury, I97I ts I2 and ts I3 were therefore tested for thermal inactivation by the technique previously described (Halliburton & Timbury, ~973) but at 39 °C rather than at 52 °C. The results are recorded in Table 3 and show that both ts I2 and Ts I3 are significantly less thermostable than the wild-type virus at 39 °C. Ts i i, on the other hand, shows no increased inactivation at 39 °C compared to the wild-type virus. Using the Mann-Whitney test, ts I2is significantly more thermolabile than ts I I (P < o'o5) whereas ts 13, although significantly more labile than ts I I (P < o-o2), is not significantly more labile than ts I2, thus emphasizing the difference in thermostability of ts I2 and ts r3 from ts + and ts I ~.
DNA synthesis
The three new mutants were tested for their ability to synthesize virus DNA at the nonpermissive temperature. Virus and cellular DNA were separated by isopycnic sedimentation in CsC1 after labelling with [3H]-thymidine from 9o min after the end of a r h absorption period to 2o to 24 h. Two radioactive peaks were obtained with the wild-type virus, one at a buoyant density of 1.7ooo g/ml, corresponding to cellular DNA, and one at a density of 1.7275 representing virus DNA (Halliburton, I971) . This pattern was obtained with wildtype virus infected ceils at both 3I and 38 °C and with all ts mutant infected cells at 3I °C. The amounts of virus and cellular DNA synthesized during the labelling period were obtained by totalling the counts under the respective peaks and the results are shown in Table 4 .
At the permissive temperature, ts I I and ts 13 did not incorporate radioactivity into virus DNA as efficiently as the wild-type virus but ts I2 produced, on average, 39 % more viral DNA than the wild-type virus. Each mutant, however, inhibits host cell DNA synthesis to the same extent as the wild-type virus.
At the non-permissive temperature, ts I I failed to synthesize detectable amounts of virus DNA whereas ts I2 and ts I3 showed only very low levels of incorporation of [3H]-thymidine into the virus DNA peak relative to the wild-type virus. The wild-type virus itself makes less DNA at 38 °C, as do mock-infected cells. At 38 °C, ts I2 and ts I3 very markedly inhibited host cell DNA synthesis -much more so than did the wild-type virus. On the other hand, ts ~ I, like ts 9 (HaUiburton & Timbury, I973), fails to switch offhost cell DNA synthesis at 38 °C or at least the size of the cell DNA peak is virtually the same in cells infected with ts 9 or ts I I grown at 38 °C as in mock-infected ceils grown at the same temperature. This could be interpreted as a failure to switch off host-cell DNA synthesis by ts 9 or ts I I or alterna- tively these viruses may switch off host DNA by the normal mechanism but at the same time stimulate incorporation of thymidine by another mechanism.
To decide between these alternatives, the above experiment (Table 4 ) was repeated in resting cells produced by growing cells in Eagle's medium without tryptose phosphate and containing only one tenth the normal amount of calf serum. As shown in Table 5 , the resting cells incorporate less than 1% of the [3H]-thymidine incorporated by the exponentiallygrowing cells used in all other experiments. Infection with ts 9 or ts ~ I does indeed stimulate the synthesis of host-cell DNA in the resting cells but so also does infection with the wildtype virus or with other DNA negative (ts 2 or ts 6) or DNA positive (ts 3) mutants chosen at random. The stimulation by ts 9 and ts I I does seem to be greater than was obtained with the other mutants studied. This result has been obtained in three separate experiments but the incorporation of the [aH]-thymidine into the cellular DNA peaks varies somewhat from experiment to experiment and although the highest incorporation has always been obtained with ts 9 and ts I I in some cases this is only some 5 % greater than the incorporation with other mutants and it is difficult to see how the extra stimulation with ts 9 and ts I I could account for the results obtained with exponentially growing cells, illustrated, for example, for ts I ~ in Table 4 . Melvin & Kucera 0975) have also found an induction of cell DNA synthesis in serum-starved cells following infection with herpes simplex virus type 2. The experiments with resting cells also substantiate the classification of mutants as DNA negative or positive.
Complementation at DNA level
As was shown in Table r , ts 9 and ts I I, both mutants which fail to switch-off host cell DNA synthesis, complement each other in mixedly infected cells although the level of complementation is low. To verify by an alternative method that complementation exists between these two mutants, DNA synthesis was examined in mixedly infected cells grown at the non-permissive temperature. Monolayers of cells (4 × IO6) in 5 ° mm diam. Petri dishes were either infected with a mutant at an input multiplicity of about ~o or were infected with a mixture of two DNA mutants each at an input multiplicity of about 5, and incubated at 38 °C. Three hours after the end of a I h absorption period, ~5 #Ci [3H]-thymidine were added to each dish and the dishes reincubated at 38 °C for I9 h.
At the time of harvesting, as has previously been reported for ts 9 (Halliburton & Timbury, x973) , and as has since been found for ts II, infection of cells at the non-permissive 
(a) ts 6, (b) ts 9, (c) ts 1 I, (d) ts 6 + ts 9, (e) ts 6 + ts I I, (f) ts 9 + ts I I.
The broken line represents the same radioactive counts as the solid line but with the scale expanded as indicated.
temperature does not result in much, if any, c.p.e. (although the particular stocks of ts 9 currently in use do give some c.p.e.). Cells infected with any other ts mutant are all roundedup when grown at either 31 or 38 °C. In the mixed infections involving ts 9 or ts II or ts 9 4-ts I I, the cells exhibited some c.p.e, but never as extensively as with the single infections with mutants other than ts 9 or ts I I. The cells were scraped from the dishes, the DNA solubilized as indicated in the Methods section and centrifuged to equilibrium in CsC1 gradients. Fig. 2 shows the results obtained in complementation studies between ts 6, ts 9 and ts I I. The three mutants failed to make detectable amounts of virus DNA at 38 °C. In each of the mixed infections, however, a small but distinct peak of.virusDNA could be detected, particularly if the scale is expanded as indicated, showed that complementation as regards virus DNA synthesis had occurred. The fact that the size of the virus DNA peaks obtained is so small relative to the single infections suggests complementation at only a very low level.
In these experiments, the stock of ts 9 used seemed to switch off host cell DNA synthesis to a greater extent than previously found (this may be related to the greater c.p.e, referred to above) but never to the same extent as, for example, ts 6. Ts I I failed to switch off host cell DNA synthesis. In the mixed infections with ts 6 + ts I I or ts 9 4-ts 11 host cell DNA synthesis was reduced to about 25 % of that obtained with Ts I I alone. Ts 6 and ts 9 can therefore complement ts I I with respect to the switch off of host cell DNA synthesis. Temperature-shift experiments with ts 9 and ts I ! Ts 9 and ts I I have therefole been shown to have at least two temperature-sensitive defects: (a) the inability to make viral DNA and (b) the inability to shut off host-cell DNA synthesis. Each of these mutations affect early functions and to determine whether each function was only required early, temperature-shift experiments were carried out.
Shift-down experiments
In shift-down experiments, cultures infected with ts 9 were transferred from 38 to 31 °C at 2, 4 or 6 h after the end of a I h absorption period and harvested at 24 h. As shown in Table 6 , comparison of the yields of virus showed that growth for 24 h at 38 °C resulted in a 3"5 log reduction in yield relative to growth at 3 t °C. The yields obtained after down-shift at 2, 4 or 6 h were the same as obtained from growth at 31 °C throughout. The inhibition of growth of ts 9 at 38 °C is therefore totally reversible on shift-down at 2, 4 or 6 h.
Temperature-shift experiments were also performed measuring the synthesis of virus DNA and switch-off of host-cell DNA. In these experiments duplicate infected cultures were transferred from 38 to 31 °C at 4, 8 and I2 h after the end of absorption. Twenty min after the temperature-shift, [aH]-thymidine was added to each culture. The cultures were harvested at 24 h and duplicates pooled. The DNA was solubilized with hot SDS and centrifuged to equilibrium in CsC1 gradients. The total counts under virus and cellular DNA peaks were determined and are shown in Table 7 . As controls, duplicate cultures were maintained at 31 °C throughout, DNA being labelled by addition of isotope at times corresponding to the labelling of temperature-shifted cultures, i.e. labelling times of 4 h zo min to 24 h, 8 h 2o min to 24 h and 12 h 2o rain to 24 h respectively. Comparison of the thymidine incorporation into virus and cellular DNA peaks of tests and controls shows that the amount of virus and cellular DNA made after the down-shift was the same as that made in the same time at permissive temperature. In other words, the inability to make virus DNA and the inability to switch-off host cell DNA were completely reversible following shift-down to the permissive temperature after 4, 8 or 12 h at the non-permissive temperature. The controls used in the experiment may be incorrect. If, for example, the mutations affected very early functions (as theoretically seems possible considering the functions involved) then it may be that no metabolic events have occurred at the non-permissive temperature by the time of the shift-down, in which case the time of the shift to the permissive temperature is more equivalent to zero time than to 4, 8 or 12 h respectively and hence the controls should be labelled from o h 2o min for 2o, x 6 and 12 h respectively.
In the same experiment,therefore, six infected cultures maintained throughout at 31 °C were labelled 2o min after the end of absorption and two were harvested after I2, I6 and 2o h. The results obtained are also shown in Table 7 -The amount of [aH]-thymidine incorporated into virus DNA during each time interval was the same as in the other two sets of cultures and the amount of isotope incorporated into cellular DNA was even greater than in the tests or in the other set of controls. Clearly, therefore, after a shift-down at 4, 8 or I2 h, ts 9 can synthesize virus DNA and switch off host cell DNA synthesis.
Skiff-up experiments
In shift-up experiments cultures infected with ts 9 were transferred from 3I to 38 °C at various times as indicated and the resulting growth was determined in two ways: by deter- mination of the yield of infectious particles and by determination of the amount of DNA subsequently synthesized. Table 8 shows the results of the former approach. Growth at 38 °C for 24 h was again more than 3 logs poorer than at 3I °C for the same time. Shift-up at 4, 8 or 12 h after the end of the I h absorption period resulted in titres of increasing magnitude respectively suggesting a progressive reversal of the inability of the mutant to grow at the non-permissive temperature. However, as shown in Table 8 , cultures harvested after I2 h at 31 °C gave a titre higher than those shifted-up at I2 h and maintained for a further I2 h at 38 °C. Growth in the cultures shifted to 38 °C is, therefore, most probably due to growth at the permissive temperature before the shift-up, there being little, if any, additional growth at the nonpermissive temperature after the shift. Table 9 shows the results of an experiment involving a study of the amount of virus and cellular DNA made by ts 9 after shift-up at 4, 8 and I2 h. As in the shift-down experiments, isotope was added 2o rain after the temperature shift. Ts 9 has repeatedly been shown to be totally DNA negative -no virus DNA is detectable at 38 °C. As shown in Table 9 , however, after shift-up at 4, 8 and IZ h, and subsequent measurement of DNA synthesis, a peak of virus DNA is apparent in all cases, suggesting that the inability to make virus DNA at 38 °C has been reversed. However, Table 9 also shows the incorporation of [3H]-thymidine into infected cultures maintained at the permissive temperature throughout, indicating the amount of virus DNA made in the same time intervals under optimal conditions. Comparison of these show that the amount of virus DNA synthesized at 38 °C after a shift-up at 4, 8 or I2 h is only a fraction of that which can be synthesized in the same time at 31 °C. The inability to make virus DNA at the non-permissive temperature has, therefore, only been partially reversed by the shift-up. The incorporation of isotope into mock-infected controls labelled for the same time periods is also shown in Table 9 , the amount of cell DNA synthesized decreasing with the duration of the labelling period. The amount of cell DNA made after shift-up also decreases with time of labelling and comparison shows that the decrease is at almost exactly the same rate as in infected cultures maintained at 3I °C throughout and both are decreasing at a much greater rate than in mock-infected cells. The inability to shut off host cell DNA synthesis is therefore reversed following the temperature shifts. Similar results have been obtained with ts I I. Uninfected cells 8576 x 6 ~ 2129 ~ 5 * Values are means for two experiments each done in duplicate.
In the above experiment, all cultures were labelled 20 min after the temperature shift and the results obtained implied at least a partial reversal of the inability of ts 9 or ts i i to synthesize virus DNA at the non-permissive temperature. If this is the case, then infected cells should still be able to synthesize virus DNA at longer time periods after the temperature shift, particularly if the temperature shift occurred reasonably early in the virus growth cycle. Sixteen Petri dishes were, therefore, infected with ts 9 at an input multiplicity of about 2. 5 and incubated at 3I °C. After 5 h, eight plates were shifted to 38 °C, the remaining eight remaining at 31 °C. Eight mock-infected plates were also shifted from 31 to 38 °C at this time. Duplicate plates of each of the three groups -infected, infected temperature-shifted and mock-infected, temperature-shifted -then received I5/zCi [3H]-thymidine after 2o min or I h or 4 h or 6 h. The cells were harvested at 24 h, duplicates being pooled, and the DNA solubilized as indicated in Methods and centrifuged to equilibrium in CsC1 gradients. The counts under virus and cellular DNA peaks were totalled and the results are shown in Table IO. As one would expect, the amount of [3H]-thymidine incorporated into the virus DNA peak in infected ceils maintained at 31 °C throughout decreased with decreasing length of labelling time. This was also true for corresponding cultures temperature-shifted to 38 °C at 5 h but in this case, the rate of decrease in the incorporation of isotope was much greater. Although virus DNA continues to be made at later times after the up-shift therefore, it is not made in quantities as great as one would expect if the temperature-sensitive defect had been even partially reversed. Table Io also shows the amount of isotope incorporated into the cell DNA peak. Comparison of the figures for the infected cultures with those of the uninfected cultures labelled for the same time periods confirms that cellular DNA synthesis was switched off in both the cultures maintained at 3r °C throughout and in the cultures shifted to 38 °C after 5 h. Moreover, the degree of switch-off was virtually identical in the two sets of infected cultures. Similar results have been obtained with ts 1 I.
DNA synthesis in cells infected with u.v. irradiated virus
To try to dissociate the two temperature-sensitive steps of ts 9, ceils were infected with virus inactivated by u.v. irradiation as indicated in Methods. Such virus will not be able to synthesize viral DNA but may be able to switch off host cell DNA. As controls, u.v.-irradiated ts 3, ts 6, wild-type virus and uninfected cells were also used. Monolayers of cells were infected in 5o mm diam. Petri dishes at an input multiplicity of about 2"5 estimated on the basis of the titre of the non-irradiated virus. Thirty min after the end of the I h absorption period, each dish received I5/~Ci [3H]-thymidine. The plates were harvested (in duplicate) at 2o h, the DNA solubilized and centrifuged to equilibrium in CsC1 gradients. Grown at either 38 or 3I °C, there was no detectable virus DNA synthesis by any mutant or by the wild-type virus. Moreover, as shown in Table I I, the amount of cell DNA synthesized was the same with any of the u.v.-irradiated mutants or with the u.v. irradiated wild-type virus as with uninfected cells. Such heavily u.v.-irradiated herpes simplex virus does not, therefore, switch off host-cell DNA synthesis.
DISCUSSION
The addition of ts 11, ts I2 and ts 13 brings the total number of complementation group of type 2 herpes simplex virus ts mutants isolated by Timbury (I97I) to I3. All the mutants have one-step growth curves about twice as long as the wild-type virus at the permissive temperature. The reasons for this are unknown, but for at least 6 of the ts mutants, including ts 9 and ts I I, the rate of synthesis of virus DNA is proportionally prolonged. It is possible that some of the remaining seven mutants might differ in this respect and synthesize virus DNA at the same rate as the wild-type virus, even though their overall growth is slower.
At the non-permissive temperature, eight (ts I, 2, 6, 7, 8, 9, ~o (and II) of the thirteen ts mutants do not make detectable amounts of virus DNA. The remaining five mutants fall into two categories: ts 3, ts 4 and ts 5 produce about Io to 20 % less virus DNA than the wild-type virus whereas ts I2 and ts 13 produce 9o % less viral DNA than the wild-type virus and also incorporate very low levels of [3H]-thymidine into cellular DNA at the nonpermissive temperature (Table 4 ). The small amount of virus and cellular DNA made by ts Iz and ts 13 are both temperature-sensitive effects; indeed, ts IZ synthesizes about 40 % more virus DNA than the wild-type virus at permissive temperature. Ts 9 and ts I I are the only mutants which fail to switch off host-cell DNA synthesis at the non-permissive temperature, yet these two mutants complement one another at a low level as demonstrated in an infectious centre complementation assay (Table I ) and in studies on DNA synthesis in cells mixedly infected with two mutants (Fig. 2) . In the latter studies it is interesting that in the mixed infection with ts 9 and ts I I, host-cell DNA synthesis was much less than with ts I I alone. There are therefore mutations in two different genes affecting switch-off of host-cell DNA synthesis. In other words, there are at least two functions involved in the switch off. On the other hand, the inability to switch off host-cell DNA synthesis may in each case simply be a secondary effect of some other mutation.
The two mutants ts 9 and ts I ~, however, appear to have at least two temperaturesensitive defects: (I) the inability to make viral DNA and (2) the inability to switch off hostcell DNA. The one defect may simply be a consequence of the other; in other words, the two functions are coupled, or ts 9 and ts I I may be multiple mutants. Three sets of experiments were used to try to decide between these possibilities: temperature shift-down experiments, temperature shift-up experiments and infection with u.v.-irradiated virus.
The temperature shift-down experiments indicated that inability of either ts 9 or ts I I to grow (Table 6 ), to synthesize virus DNA or to switch off host-cell DNA (Table 7) were all reversible. The defects in DNA synthesis were reversible by a shift-down as early as I h after the end of adsorption (unpublished observation). In experiments described in Table 7 , two sets of controls were employed, the first of which involved cultures of infected cells maintained at permissive temperature throughout and labelled at times comparable to the labelling of the temperature-shifted cultures. The second involved infected cells maintained throughout at permissive temperature but labelled from time zero. The true controls are probably at some indeterminate time between the two sets, depending on what has occurred in the replication of the mutants during the period at restrictive temperature. The counts incorporated into the cellular DNA peaks of the first set of controls were comparable to those in the tests whereas the incorporation into cellular DNA in the second set of controls was more than double that of the corresponding temperature-shifted cultures. In other words, cellular DNA synthesis was switched off to a greater extent after down-shift than in the same period from zero time. This suggests that some function beneficial to the switch-off occurred during the period at 38 °C such that on shift-down to 31 °C, host-cell DNA synthesis could be switched off faster than from zero time. This could again suggest that there is more than one step involved in in the switch-off of host cell DNA synthesis since some necessary function can occur at 38 °C, but clearly an additional function is required that cannot occur at the non-permissive temperature with either ts 9 or ts I I.
In the temperature shift-up experiments, the inability to switch off host-cell DNA synthesis was totally reversed after a shift at 4, 8 or x 2 h but the inability to make virus DNA was only partially reversed, the amount of virus DNA synthesized being only a fraction of that made in comparable time at permissive temperature. The data do not permit one to decide whether the switch-off occurs only because at least some virus DNA is made (in other words that the functions are coupled), or whether since both functions are not reversed to comparable extents, we have dissociated the two and are therefore dealing with double mutants.
In Table 9 , the addition of isotope was delayed for 20 min after the temperature shift to allow any DNA initiated at 3I °C to be completed and to allow the temperature to rise. If the addition of the isotope was delayed for longer periods (Table IO) then less and less virus DNA was made but the decrease in the amount was more rapid than that in controls labelled at corresponding times and maintained at 3 t °C throughout. The inability of either ts 9 or ts I I to make virus DNA does not, therefore, seem to be reversed following these shift-up experiments; more probably, some protein necessary for virus DNA synthesis is synthesized during the period at 31 °C and although this can be used at 38 °C, it cannot be produced at 38 °C. Some virus DNA is, therefore, made following the shift-up but very little, and the amount that is made decreases with time after the shift due to the half life of the protein in question.
Since, for example, u.v.-irradiated vesicular stomatitis virus has been shown to switch off host cell RNA synthesis (Yaoi, Mitsui & Amano, I97o) u.v.-irradiated ts 9 was used to see if it could switch off host cell DNA synthesis at a time when it could not synthesize viral DNA, i.e. an uncoupling of the two functions. However, neither u.v.-irradiated ts 9 nor a u.v.-irradiated DNA-positive mutant, ts 3, a u.v.-irradiated DNA negative mutant, ts 6 (both chosen as controls at random), nor the u.v.-irradiated wild-type virus could affect host cell DNA synthesis.
None of the three procedures adopted can, therefore, categorically indicate whether ts 9 or ts I~ are mutants with two temperature-sensitive lesions which are dependent on one another or whether they are double mutants. Nor does the use of either mutant indicate the mechanism by which infection of cells with herpes simplex virus results in an inhibition of host-cell DNA synthesis. It is interesting, however, that phenotypically these two mutants are very similar; neither causes much c.p.e, at 38 °C, both have extended one-step growth curves and rates of virus DNA synthesis at 3I °C, neither is thermolabile relative to the wildtype virus and neither synthesizes virus proteins detectable in extracts of infected cells. Agar-gel immunodiffusion tests of sonicates of cells infected with ts 9 or ts ~ I grown at 38 °C showed only two and one precipitin bands respectively, nine being obtained with wild-type virus infected cells grown at the same temperature. Ts 9 and ts I I do, therefore, differ in the proteins they make at 38 °C. Nevertheless the two mutants complement one another and suggest that the switch-off of host-cell DNA synthesis may be an even more complex procedure than previously postulated, involving more than one step.
